Again, as in the case of one-spike fever many different viruses can be isolated from childrn showing roseolar reactions. There is, however, some seasonal variation in the appearance ofsuch rashes and it does at present seem probable that they are more often associated with intestinal rather than respiratory viruses. Once more I would underline the value of family studies. In one household a child of 13 months developed a roseolar reaction, shown to be due to Coxsackie virus type A6. From her 2j-year-old sister the same type of virus was isolated but she only developed a one-spike fever.
Having failed to resist infection or to achieve either a symptomless immune reaction, a fast onespike immunizing fever or the slower roseolar reaction, a certain proportion of those exposed to any viral pathogen will develop so-called typical symptoms of illness. The proportion who do so will vary according to many unknown and some measurable factors, including age and sex, as shown in a series of secondary attack rates among home contacts of rubella (College of General Practitioners 1963). Not only is rubella remarkably uncommon among adult male contacts, which may be because they are out of the house so much, but also at all ages over 5 years rubella is significantly commoner in females than males and this cannot be solely due to lack of exposure.
Just as we saw that the febrile reaction is maximal in young children so too is the imnmunological response, for example, to a dose of live measles virus vaccine. This raises a number of problems, both clinical and administrative, in selecting the optimum age at which to administer measles vaccine (Watson 1967) . Children in their first and second years are administratively easier to reach but some of these may develop hyperpyrexia as the -price of good immumty. If the vaccine is further attenuated or vaccination is postponed, does this mean we have to accept a lower postvaccmation titre and will one dose of such an attenuated vaccine protect for life? Should we give measles vaccine earlier than one year, before the febrile response (Fig 3) is mmal? We know now that symptonQm boosts of immunity do occur, eithernaturally, afterexposure to measles, or on revaccination with live vi'rus, so perhaps we should accept a weak, initi,al postvaccination response and plan to boost all children later at suitable times.
More of these studies (Watson 1965) essential to the understanding and proper use of measles vaccineand soon rubella and then nwmps vaccinesought to be carried out in general practice. As the new antiviral drugs become available, some of these too will require disciplined and scientific study by general practitioners. One of these, anantadine hydrochloride, has already proved interesting in its pilot trial and all we need now in order to enlarge our experience with it is another good epidemic of influenza. Antigencity and EvWion 'The CompleatParasite' Viruses have brought the business of parasitism to its highest perfection. They compel the host cell to undertake nutrition, respiration and excretion on their behalf, and they even purloin its genetic machinery for their own reproduction. All these evol4tionary adaptations are brought about by the pressures ofnatural selection. So completely have these parasites come to depend on their host that they have almost succeeded in becoming disembodied programmers. They cannot, however, rid themselves of responsibility for transferring themselves from host to host and so ensuring the survival of their species. Epidemiology is concerned with the various ways in which human pathogenic viruses overcome the difficulties of dispersal.
The Antigenic Hazard: Virus Suicide Viruses have not quite succeeded in becoming disembodied. The tiny bodies that they still possess are unable to dispense with a considerable protein moiety and are therefore antigenic to the human host. An illness leaves a man primed and specifically immunized against the virus that caused it. This is a major danger for viruses because the more successfully they spread the more rapidly does the community become immunized against them. Once they can spread no further they become extinct. It should prove interesting to examine how some of our familiar viruses may have succeeded in escaping this hazardous consequence of their own antigenicity. One way of escaping is to enter the human host before he is born. Proteins introduced prenatally do not usually provoke specific immunity and there are viruses which travel from generation to generation via the ovum in many plants and insects. The host may suffer no disturbance from such a virus and its presence may only be discovered by contact with a new host species, as when the insect bites a mammal or a bird. Such symbiotic viruses passing vertically from mother to offspring have not often been identified in man though they probably exist, and rubella virus sometimes behaves in this way.
The viruses considered in the present paper are those causing measles, varicella, mumps and A type influenza, and the rhinoviruses. How does each evade the danger of its own antigenicity and ensure the continuity of its kind? Measles Virus: Saved by Cities A useful basic concept that most of us carry from our student teaching is that of a virus surviving by a continuous chain of transmissions from persons suffering the disease to others who are free of it. Measles survives in this simple way, but can only do so because of the relatively recent urbanization of mankind. So rapidly does measles immunize the population that in communities numbering less than a quarter of a million too few children are born to maintain such an infectious virus in continuous circulation. In smaller communities measles virus dies out for lack of fodder, until a sufficient susceptible population has accrued and a new'strain of measles virus has by chance been imported from one of the great cities.
Measles patients are, therefore, most commonly young children, and in our general practice population in Gloucestershire, England, their average age is 6 years (Hope-Simpson 1952). Measles virus, as we know it, could not have been a human parasite before mankind dwelt in cities.
Varicella Virus: Saved by Shingles Epidemiologically, varicella virus resembles measles virus. It is only a little less infectious and it also provokes strong immunity. It, too, maintains itself by continuous circulation in large cities and attacks mainly young children. In our practice the average age is 7 years. Varicella virus differs from measles in possessing an evolutionary adaptation whereby it evades the barrier created by its own antigenicity (Hope-Simpson 1965).
After an attack of varicella some of the virus remains latent in the human sensory ganglia and may reactivate many years later as an attack of herpes zoster. The virus in the zoster lesions is ordinary varicella virus, and it can initiate an epidemic of varicella among the susceptible persons born into the community during the interim. Because of this adaptation which can give rise to zoster, varicella virus does not become extinct even in remote sparse communities and could have existed as a human parasite in the Stone Ages.
Mumps Virus: Saved by Moderation
The difficulties caused by antigenicity are clearly more acute the more infectious the virus. Too low a degree of infectiousness on the other hand exposes the virus to another risk of extinction owing to inefficient dispersal. Mumps virus successfully treads the narrow path between these dangerous alternatives. It is only half as infectious as varicella virus and one third as infectious as measles virus (Hope-Simpson 1952) . Many persons therefore escape an attack of mumps during school life and the general community contains a goodly proportion of persons who are susceptible to the virus. Moreover, the generation-time between host and host is nearly twice that for measles virus -19 days on average as against IOj days.
Mumps virus accordingly travels in a dilatory fashion lingering a year or more even in country districts and surviving perpetually by continuous transmission in towns of modest size.
Type A Influenza Viruses: Saved by a Changeling Influenza A viruses appear highly infectious and they immunize, second attacks by the same virus being rare (Zhdanov et al. 1967) . One would therefore expect them to resemble measles virus in other ways, for example, by using continuous transmissions in the large cities in order to survive, and in consequence attacking mainly young dhildren. In fact they differ remarkably from measles virus and have a complex epidemiology.
Influenza A comes in our practice as a winter epidemic lasting from 6-12 weeks and then disappears for one, two or more years. During the interval between epidemics we have been unable to isolate the virus in our population although we sample a high proportion of all respiratory illnesses presenting in the practice. Sometimes the virus is not isolated anywhere in the world for many consecutive months and there is no evidence that it is surviving by a continuous trickle of infection. The virus may be isolated in Britain several months before the eruption of an epidemic. It is not possible here to discuss what happens to the virus between epidemics, whence and how it reappears and what influence determines the phasing of epidemics, but the mere statement of these problems emphasizes the complexity of influenza virus behaviour. Two further characteristics of these viruses require further consideration. The first is the age distribution which differs remarkably from that of measles in that influenza attacks persons of all ages indiscriminately. The average age of persons in our practice from whom the virus was isolated, 34 years, does not in fact differ much from that of the practice population.
The explanation of the anomalous age distribution tnight be thought to lie in the second characteristic, namely, major mutability. Every 10-30 years the current type influenza virus is replaced by a mutant so different that infection by its predecessor provides no protection against it. The mutant is in fact a novel virus with the whole world ofmankind at its feet, and it accordingly circles the globe as a pandemic of influenza. The predecessor type disappears for ever, a strange habit peculiar to A type influenza viruses.
In 1957 when Asian A, virus first caused an epidemic in Cirencester everybody was susceptible to it, and not unnaturally the age distribution of the diease approximated to that of our population. In similar circumstances, in a virgin popula- At this precise moment of peril for the virus, a major mutation appears and saves it from extinction. One cannot but suspect that this remarkable property of producing a major mutation at the appropriate moment is an evolutionary adaptation whereby the virus escapes the dire consequences of its own antigenicity.
Ofthe many hypotheses that have been put forward to account for the appearance of these mutants the one at present under the most intensive investigation is the possibility that certain A type influe viruses of animals and birds may be hybridizing with the human influenza A viruses. An altogether different hyp6thesis which can also be examined in the laboratory is as follows: Fig 1 depicts an infectious case of influenza in 1957. The diagram can only hint at the vast production of infectious particles of influenz A2 virus. Let us suppose that even at that early date mutants, including perhaps the Hong Kong mutant, were occurrng in very small numbers.
The chance of success for the very rare mutants must then have been negligible whenthe whole world was susceptible to the current A, type. In the competition for the receptor areas on the cells of the respiratory epithelium clearly the current type would enormously outnumber the mutant. As epidemics succeeded one another over the years and our population became -progressively immunized against the current type, the opportunities for success of the rare mutant improved. By 1968-9 the situation would have become favourable for the mutant, and sooner or later it would be bound to come into effective contact with somebody. Anyone would do, because everyone was susceptible to the mutant and almost everyone immune to the current type. Fig 2 shows what may have happened at that point. The first victim would have formed a culture medium for the multiplication of the mutant, which would then be certain to supplant its predecessor, and the world of men would once again have become a safe host species for influenza A for a decade or two.
If this hypothesis is correct, Hong Kong type of virus may well be isolable as a rare mutant from specimens of A2 influenza virus collected as long ago as 1957, and vaccines could be produced against mutants long before their epidemic arrival.
Rhinoviruses: More Changelings
Rhinoviruses differ from all the viruses so far discussed. They do not come in discrete epidemics and can be isolated throughout the year, although abundant in autumn and scarcer in winter. They are by far the commonest respiratory viruses, and are isolated from all age groups although commoner in young children. Rhinoviruses belong to so many different serotypes that their epidemiology ought to be straightforward. This is not so. Although little family outbreaks are sometimes caused by a single serotype, most of the outbreaks that have been investigated, such as those in student groups or military personnel, are apparently caused by a medley of different serotypes (Hamre et al. 1966) . It is as if a small outbreak of measles or influenza were to be caused by many different sorts ofvirus. In looking for an explanation of this phenomenon, one should remember how common colds arethey attack each person on average 5-7 times annually (Dingle et al. 1953 , Hope-Simpson 1958 , Sutton 1965 )-how they attack at all ages and throughout the year, and how each of the hundred or so serotypes is antigenic.
Are we here presented with a further evolutionary elaboration of the mutability which we have invoked as the salvation of influenza A viruses? Suppose that rhinoviruses are even more mutable than influenza viruses so that an infection always results in the production of a number of serotypes, one of which is predominant. When we say we have isolated type 20 we should then be making a statistical statement, namely that out ofthe several types of infectious particles present, type 20 was the most abundant. Persons in contact, who had not already experienced a type 20 infection, would catch a type 20 cold. Others who had already experienced type 20 infection, would resist the type 20 infectious particles, but might be susceptible to one of the other antigenic types present in smaller numbers. Both the small family outbreaks due to a single serotype and the larger outbreaks from which many different serotypes are isolated would be explained. Persons artificially infected with a certain rhinovirus serotype may get a high rise of antibody to a different serotype, as might be expected on the present hypothesis. A similar phenomenon has been described for influenza A viruses. Summary and Conclusions I have briefly examined the different ways in which several viruses may have overcome survival difficulties caused by their own antigenic make-up. Measles virus can only survive as a human parasite because in large cities there are always many children and so the virus can be supported in continuous circulation.
Varicella virus behaves in the same way as measles but can also survive in sparsely populated areas because of the evolutionary adaptation resulting in herpes zoster.
Mumps virus also survives by a continuous chain of case-to-case transmission, finding safety in lower infectiousness and a longer host-parasite cycle.
Influenza A viruses are much more complex. They appear to escape the impasse to which the infectiousness and immunizing properties con-demn them by producing a major mutant like an evolutionary phoenix at the moment of their extinction.
Rhinoviruses perhaps carry this adaptation a stage further and by means of their mutability contrive to be our commonest viral companions and pests. (1966 Anmer. J.Epidem. 83,238 .P.6.m"ORRE (1952 ( )Lancetii, 549 (1958 R9y. Soc. filth J. 78, 593 (1965 )Pfoc. roy. Soc. Med. 58, 9 S tionR N P (1965 Zkdaeor One is serological and depends on the ability to demonstrate a rise in antibody titre to a particular virus antigen between two samples of serum, the first collected in the early stages of the illness and a second two to three weeks later during the convalescent phase. Antibody is commonly demonstrated by complement fixation or neutralization tests but in either case the diagnosis will be retrospective because the test cannot be undertaken until the convalescent serum is obtained.
The second method is to demonstrate the presence of virus in specimens from the patient.
In some cases this may be achieved by direct observation either of virus particles by electron microscopy or the site of virus antigen by immunofluorescence. A more common method is to grow the virus in fertile hens' eggs, animals or tissue cultures. During the time routine diagnostic virology has been in existence the number of different viruses which can be detected in the laboratory has steadily increased and is doing so still. The larger number of infections with different viruses which can now be diagnosed has been accompanied by an increase in the number of different culture systems and techniques required for their detection. Few laboratories are in the position to be able both to diagnose as quickly as possible the agent responsible for any particular infection and to search for all the possible etiological agents in any one illness.
Diagnostic Methods
(1) Serology (a) Complement fixation test: The antigens commonly employed in the complement fixation test will enable a diagnosis to be made in patients infected with the influenza viruses, mumps virus, adenoviruses, respiratory syncytial virus, measles and herpes simplex virus, also Mycoplasma pneumonia, Rickettsia burneti and the agents of psittacosis and lymphogranuloma venereum. The test can be performed rapidly and a diagnosis can be achieved in some cases where virus isolation is difficult, e.g. influenza C virus. This test, however, suffers from the disadvantage that in many cases the reaction is with a group antigen so that the particular serotype remains unknown. Furthermore, there are viruses where no group antigen is available, such as the ECHO viruses and rhinoviuws, and, because these groups contain a large number of serotypes, diagnosis of infection with these agents cannot be undertaken routinely by this technique. A fourfold or greater rise in antibody titre is necessary for diagnosis; so it is important that the acute serum should be collected early in the illness, certainly not later than the fifth day, before the circulating antibody has increased appreciably.
(b) Neutralization tests: These tests are specific for each virus serotype and for this reason are used to detect antibody to only one or a limited number of viruses. Neutralization of the hemagglutination caused by rubella virus is a common method of measuring antibody to this virus and a similar test is employed to measure antibody to a specific strain of influenza virus. With other viruses it is the neutralization of infectivity in susceptible tissue cultures or animals which is measured. It is practicable, therefore, to determine the antibody content of a serum to a specific virus serotype such as vaccinia virus or ECHO virus type 6 but not against a group of viruses, for example, all the ECHO virus serotypes.
(2) Virus Isolation (a) Tissue culture: Many viruses may be detected by the cytopathic effect which follows their inoculation into susceptible tissue cultures and incubationunder suitableconditions. Different cell cultures may be necessary to detect different viruses and the conditions required for the growth of one virus may not be suitable for another. For example, H type rhinoviruses will grow only in rolled cultures of human tissue at 330 C with
